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Methods: Statistical Analysis

To evaluate risk factors associated with the daily probability of being delirious in the ICU in COVID-19
patients, we used a first-order Markov multinomial model incorporating competing risks. Our outcome,
daily mental status is nominal in nature. Daily mental status is a variable that consists of five levels:
delirious, comatose, normal, death and discharge. Since there is not a natural ordering to these levels, the
recommended and most commonly used statistical model to accommodate this is the multinomial logistic
regression model. A patient can be in the ICU for multiple days and hence this data is longitudinal in
nature as well. This longitudinal unordered outcome modelled using the following multinomial logistic
regression model is formulated as below:

(P (mental status;; = delirious))

P(mental status;; = normal)
= byo + by1(previous day mental status) + by, (covariates)

where mental status;; is the mental status response for subject i on the jth day. Here the probability
distribution of the response is multinomial, and this model reduces to a logistic regression model in the
special case if there are only two mental states. Here the coefficients b represent effects on the log-odds
of membership in level K versus the reference level of the response.

Although we are interested primarily in the probability of being delirious, the other levels are competing
events and need to be considered to obtain accurate estimates and to be consistent with the states that a
patient goes through while in the ICU. Given the fluctuating nature of delirium over the course of a
patient’s ICU stay, along with baseline and daily risk factors for its occurrence; it is important to use a
competing risk Markov model with time-dependent methods when evaluating the risk of delirium. The
multinomial model provides an alternative approach to estimating a competing risks model and provides
explicitly for competing risks by treating the dependent variable as a polytomous variable. The time-
dependent factor is incorporated by including the previous day’s mental status as a covariate in the model,
which is also often referred to as a first-order Markov model. Although higher-order Markov models
(where the current mental status depends on two or more preceding ones) could always be entertained, the
transition probability matrix ends up being unwieldy, clinically not interpretable and the degrees of
freedom needed to accommodate those transitions also remain a limitation. Robust variance estimates
were also used to account for correlation beyond the first-order Markov assumption.
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Table S1: COVID-19 Intensive Care International Study Group study sites and investigators

Country City Site Name Lead Investigator/Collaborator Additional Collaborators

Belgium Brussels Hopital Erasme Fabio Taccone, MD, PhD Jacques Creteur, MD, PhD
Elisa Govea Bogossian, MD
Lorenzo Peluso, MD

Chile Santiago Clinica Alemana Universidad del Desarrollo Felipe Gonzalez-Seguel, PT, MSc Viviane Hidalgo-Calibin, PT, MSc
Pablo Carrefio-Montenegro, PT, MSc

Chile Santiago de Chile Hospital Clinico Universidad de Chile Veroénica Rojas, RN, Msc Eduardo Tobar, MD

Chile Vifia del Mar Hospital Dr. Gustavo Fricke; Vifia del Mar Antonio Ramirez-Palma, RN Karen Herrera-Davis, RN

France* Le Chesnay Centre Hospitalier de Versailles Guillaume Lacave, MD Alexis Ferré, MD

Country PI Stéphane Legriel, MD, PhD

France Clermont-Ferrand CHU de Clermont-Ferrand Thomas Godet, MD, PhD Ugo Fraisse, MSc

France Paris CH Sainte-Anne Bruno Goncalves, MD Aurélien Mazeraud, MD, PhD

Greece Thessaloniki General Hospital Papanikolaou Myrto Tzimou, MD None

Italy* Brescia University of Brescia at Spedali Civili Hospital Frank Rasulo, MD Silvia Beretta, MD

Country PI Mattia Marchesi, MD

Italy Genova Hospital San Martino, Genova Chiara Robba, MD, PhD Denise Battaglini, MD
Paolo Pelosi, MD

Italy Messina University of Messina Anna Teresa Mazzeo, MD Alberto Noto, MD, PhD

Italy Naples University of Naples Federico 11 Giuseppe Servillo MD Annachiara Marra, MD, PhD

Italy Rome Policlinico A. Gemelli Anselmo Caricato, MD Salvatore Lucio Cutuli, MD
Gabriele Pintaudi, MD
Eleonora Stival, MD
Eloisa Sofia Tanzarella, MD

Italy Trieste University Hospital of Cattinara Trieste Erik Roman-Pognuz, MD, Ph.D None

Italy Vizzolo Predabissi | ASST Melegnano - Martesana Chiara Maria Concetta Massaro, MD None
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Libya Tripoli Elkhadra Hospital Muhammed Elhadi, MD None

Netherlands Rotterdam Erasmus MC - University Medical Center Mathieu van der Jagt, MD, PhD Lisa Smit, MD

Norway Oslo Oslo University Hospital: Rikshospitalet Hilde Woien, PhD Theresa Olasveengen, MD

Norway Oslo Oslo University Hospital: Ulleval Hilde Woien, PhD Theresa Olasveengen, MD

Portugal Faro Centro Hospitalar do Algarve - Hospital de Faro Isabel Jesus Pereira, MD None

Portugal Porto Centro Hospitalar Universitario do Porto Carla Margarida Teixeira, MD Alice Santos, MD
Miguel Valente, MD

Portugal Porto Centro Hospitalar Universitario Sao Jodo Cristina Granja, MD, PhD Rita Pereia, MD
Joao Silva, RN

Spain* Valencia Hospital Clinico Universitario de Valencia Rafael Badenes, MD, PhD, MSc Blanca Furquet, MD

Country PI Monica Garcia Simén, MD

Daniel Godoy Torres, MD
Berta Monledén, MD
Esteban Morcillo, MD, PhD
Nekane Romero (med student)
Ainhoa Serrano, MD, PhD

Spain Almeria Hospital Universitario Torrecardenas Sara Torrico Sanchez, RN None

Spain Badajoz Hospital de Merida, Badajoz Francisco Luis Pérez Caballero, MD Isabel Pefia Luna, MD

Spain Barcelona Hospital de Barcelona Karla Nunez Vazquez, MD Ignacio Baeza Gomez, MD
Milagros Calizaya Vargas, MD
Jordi Morillas Pérez, MD
Genis Carrasco Gomez, MD, PhD
Ricard Molina Latorre, MD

Spain Barcelona Moisés Broggi Sant Joan Despi Sheila Moya Gutiérrez None

Spain Caceres Hospital Universitario San Pedro de Alcantara Elena Gallego Curto, MD, PhD Irene Patricia Baron Barrera, MD
Cristina Delgado Palacios, MD
Beatriz Garcia Goéngora, MD
Laura Labrador Romero, MD

Spain Castello Hospital Universitario General de Castellon Laura Galarza, MD Ignacio Catalan-Monzén, MD
Enver Rodriguez-Martinez, MD

Spain Girona Hospital Dr Josep Trueta de Girona Cristina Murcia Gubianas, MD Ariadna Belles, MD
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Spain

Granada

Hospital Universitario San Cecilio

Maria Esther Rodriguez Delgado, RN

None

Spain

Lleida

Hospital Universitaro Arau de Vilanova de Lleida

Jestis Caballero, MD

Dulce Morales, MD
Andrés Pujol, MD
Jorge Rubio, MD

Spain

Madrid

Hospital Universitario 12 de Octubre

Rosalia Navarro Casado, MD

Eva Alvarez Torres, MD
Estefania Carvajal Revuelta, MD
Isabel de la Calle Gil, MD
Blanca Fernandez Tomas, MD
Berta Gallego Rodriguez, MD
Matilde Gonzalez Serrano, MD
Paloma LaTorre Andreu, MD

Spain

Madrid

Hospital Universitario de la Princesa

Aris Pérez Lucendo, MD

None

Spain

Madrid

Hospital Universitario de Torrejon

Gabriel Heras La Calle, MD

Elena Abril Palomares, MD

Elena Gonzalez Gonzalez, MD

Maria Cruz Martin Delgado, MD, PhD
Carlos Mufioz De Cabo, MD

Spain

Madrid

Hospital Universitario Gregorio Maraiidon

Patricia Pifieiro Otero, MD, PhD

Pablo T. Aznar, PhD

Carlos A. Calvo, PhD

Ignacio Garutti, MD, PhD
Fernando Higuero, PhD

David Martinez-Gascuefia, PhD

Spain

Madrid

Hospital Universitario La Paz

Emilio Maseda, MD

Itziar Insausti, MD
Ana Montero Feijoo, MD
Alejandro Suarez-de-la-Rica, PhD

Spain

Madrid

Hospital Universitario Ramoén y Cajal

Borja Hinojal Olmedillo, MD

Beatriz Del Moral Barbudo, MD

Yago Garcia Blanco-Traba, MD

Maria Claudia Giménez Santamarina, MD
Alba Gonzalo Millan, MD

Sergio Llorente Damas, MD

David Pestafia Lagunas, MD

Isabel Reyes Garcia, MD

Alejandro Ruiz Perea, MD

Spain

Malaga

Hospital Quironsalud Malaga

Alvaro Ortega Guerrero, RN

None

Spain

Manresa

Althaia Manresa

Maria Jesus Marmol Cubillo

David Diaz Mufioz, RN
Silvia Garcia de Castrillon i Ramal RN
Xavier Andorra Sunyer RN

Spain

Mad

Hospital General Mateu Orfila

Maria de las Nieves Noci Moreno, RN

None

Spain

Motilla

Hospital de Montilla

Rosa Maria Pérez Manrique, MD

Emilio del Campo Molina, MD
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Spain Murcia Morales Meseguer Maria Elena Martinez Quintana, MD None
Spain Sabadell Hospital Parc Tauli Sol Fernandez-Gonzalo, MD Gemma Goma Fernandez, BScN
Guillem Navarra-Ventura, MSc
Spain Salt Hospital Santa Caterina Anna Bar6 Serra, MD Cristina Fuster
Spain Tarragona Hospital Universitario Joan XXIII Oriol Plans Galvan, MD Diana Gil-Castillejos, DNP
Spain Toledo Complejo Hospitalario de Toledo -Virgen de la Pilar Leal Sanz, MD Mario Dalorzo Gonzalez, MD
Salud Hospital Francisco Javier Moran Gallego, MD
Irene Paredes Borrachero, MD
Patricia Rodriguez Villamizar, MD
Juan Romeu Prieto, MD
Maria José Sanchez Carretero, MD
Spain Toledo Complejo Hospitalario de Toledo-Provincial Susana Gallardo Sanchez, MD Filadelfo Bustos Molina, MD
Hospital Maria Luisa Garcia Pérez, MD, PhD
Spain Valencia Consorcio Hospital General Universitario Carolina Ferrer Gomez, MD Paula Castello-Mora, MD
Jaume Puig, MD, PhD
Maria Rosa Sanchis-Martin, MD
Carmen Andrea Sanchis-Veryser, MD
Maria Pilar Vicente-Fernandez, MD
Spain Valencia Hospital Universitario Dr. Peset Rafael Zaragoza, MD Laura Lizama, MD
Irene Torres, MD
Cristina Alvarez, MD
Spain Valencia Hospital Universitario y Poltécnico la Fe— Intensive | Paula Ramirez, MD, PhD Meri Martin Cerezuela, MD
Care
Spain Valencia Hospital Universitario y Poltécnico la Fe — Maria Jesus Montero Hernandez, MD Jose Garcia Cantos, MD
Anesthesiology, Surgery, and Trauma Paola Valls, MD
Spain Vitoria Gasteiz Hospital Universitario de Alava Ana Vallejo de la Cueva, PhD Nerea Aretxabala Cortajarena, MD
Pablo Garcia Domelo, MD
Laura Gonzalez Cubillo, MD
Marta Martin Martinez, RN
Inés Pérez Francisco, PharmG, Research Assistant
(RA)
Yolanda Poveda Hernandez, MD
Amaia Quintano Rodero, MD
César Rodriguez Nuiiez, RN, PT, MsC.
Switzerland Basel University Hospital Basel Martin Siegemund, MD Anna Estermann, Masters Student
Nuria Zellweger, Research assistant
Tunisia Sousse Centre Hopital Universitaire Farhat Hached Imen Ben Saida, MD Mohamed Boussarsar, MD
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Turkey Istanbul Istanbul University Istanbul Faculty of Medicine Giinseli Orhun, MD Figen Esen, MD

Perihan Ergin Ozcan, MD
United States of Nashville Vanderbilt University Medical Center Brenda T Pun, DNP, RN Christopher Berkey, BSN, RN
America* Christine Harb, BSN, RN

Country PI Morgan H. Tandy, BBA

Ellis Morgan, BS

Karen Shephard, ADN, RN
United States of Ann Arbor University of Michigan Robert C Hyzy, MD Michael Kenes, PharmD
America Kristine Nelson, RN
United States of Baton Rouge Our Lady of the Lake Regional Medical Center Hollis O'Neal, Jr., MD Robert E. Hosse, MD
America Katie M. Vance, PhD
United States of Chapel Hill University of North Carolina at Chapel Hill C. Adrian Austin, MD, MSCR Aaron Lerner, MD
America Emily Sanders, MD
United States of Chicago Rush University Medical Center Sarah J. Peterson, PhD, RDN Robert A Balk, MD
America David A Bennett, MD
United States of Columbus Doctors Hospital Andrew R. Vogel, DO Lucia Chowdhury, MD
America
United States of Columbus Grant Medical Center Kiran Devulapally, MD Michelle Woodham, RN
America
United States of Columbus The Ohio State University Wexner Medical Center Nathan Brummel, MD, MSCI Sarah Cohen, MD
America Nihal Patel, MD
United States of Los Angeles Keck Hospital of the University of Southern Catherine M. Kuza, MD Mandeep Sing, MD
America California Spencer Roberson, MD
United States of Nashville VA — Veteran’s Affairs Tennessee Valley E. Wesley Ely, MD, MPH Kelly Drumright, MSN, RN
America Healthcare System
United States of Philadelphia Temple University Sameep Sehgal, MD None
America
United States of San Francisco University of California, San Francisco Sara C. LaHue, MD Vanja C. Douglas, MD
America
United States of Winston-Salem Wake Forest Baptist Medical Center Aarti Sarwal, MD, FAAN, FNCS None
America

Sites are listed in alphabetical order by country and city with lead country site and principal investigator (PI) listed first if there was one. Since Collaborators may have moved since working on the study, all personnel
are listed at the site where they were when contributing to COVID-D.
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Table S2: Eligible patients excluded by country
Country Proportion of total Proportion of total number
number of patients excluded because the site’s
enrolled capacity to collect data in the 2-
N =2088 week data collection period was

exceeded
N=1036

Spain 1150 (55.1%) 363 (35.0%)

Untied States of America 302 (14.5%) 525 (50.7%)

Ttaly 175 (8.4%) 105 (10.1%)

Netherlands 83 (4.0%) 0 (0.0%)

France 71 (3.4%) 36 (3.5%)

Turkey 64 (3.1%) 0 (0.0%)

Portugal 63 (3.0%) 3(0.3%)

Belgium 48 (2.3%) 0 (0.0%)

Norway 44 (2.1%) 0 (0.0%)

Chile 43 (2.1%) 4(0.4%)

Switzerland 25 (1.2%) 0 (0.0%)

Greece 7 (0.3%) 0 (0.0%)

Tunisia 10 (0.5%) 0 (0.0%)

Libya 3(0.1%) 0 (0.0%)
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Figure S1: Most sedated RASS score while on invasive mechanically ventilation
over time
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The boxplots show the median (dark horizontal line), interquartile range and outlier of most sedated

RASS scores for patients on mechanical ventilation for each day. The N represents the number of patients
on IMV each day. The outlier triangles can represent more than one patient.
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